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Traffic interruption phenomena frequently occur with the number of vehicles increasing. To investigate the effect of
the traffic interruption probability on traffic flow, a new optimal velocity model is constructed by considering the driver
anticipation term in the interruption case for car-following theory. Furthermore, the effect of driver anticipation in the
interruption case is investigated via linear stability analysis. Also, the MKdV equation is obtained concerning the effect of
driver anticipation in the interruption case. Moreover, numerical simulation states that the driver anticipation term in the

interruption case contributes to the stability of traffic flow.
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1. Introduction

With the rapid growth of vehicle number, the traffic en-
vironment is becoming more and more deteriorated and traf-
fic congestion tends to be more and more serious. Frequent
traffic accidents lead to traffic interruption. To reveal the in-
ternal influence mechanism of traffic interruption factors, a
few traffic models have been established by considering dif-
ferent accidents. '] However, none of the models mentioned
described car-following behavior explicitly. Recently, a macro
model!®! was presented by integrating interrupt probability pa-
rameter. And a two-lane macro model!”! was established with
consideration of the traffic interruption probability based on
Ref. [6]. Especially, Tang et al.!® proposed a car-following
model involving the traffic interruption probability. In addi-
tion, a few scholars!®#°1 have also studied other characteris-
tics of traffic flow from different perspectives. In a real traffic
case, traffic interruption is unpredictable. However, drivers
often anticipate the traffic interruption with a certain probabil-
ity, which has not been taken into account in previous mod-
els. Therefore, a new car-following model in this paper is pro-
posed by taking into consideration the driver’s anticipation of
the traffic interruption probability.

2. OV model

Considering the driver’s judgment of traffic interruption,
a new driver anticipation of the traffic interruption probability
optimal velocity model is proposed below:

Xn(t + T) = pn-&-lV[Axn +T (—)'Cn)]

DOI: 10.1088/1674-1056/ab9293

+(1_pn+1)V(Axn+T2Mn)7 (1)

where p,+ denotes the traffic interruption probability of lead-
ing vehicle n+ 1, T; the anticipation time to traffic inter-
ruption occurring, 7> the reaction time to normal driving,
Ax, = xp41 — X, the headway, Ax,, = Av, = v, -1 — v, the ve-
locity difference, V (-) the anticipation velocity function, and
V[Ax, + T1(—%,)] the anticipation term of traffic interruption.
Here we choose the following form: V[Ax, + Ti(—%,)] =
V(Axy) + TiV/(Axy) (—%,) and V(Ax, + TA%,) = V(Ax,) +
T, V'(Ax,)As,,. Then equation (1) can be rewritten as
D0 _ 4y (a) —valo)] + MV (Ae)p ()
+ V' (Ax,) (1 = ppi1)Avy. )

Here, My =Ty /7, A2 = T/7, and V' (Ax,) = dV(Ax,)/dAx,,.
The V(-) is chosen as follows: 1!

V(Ax) = vmax/2[tanh(Ax — h.) — tanh i ], 3)

where the safe distance 4. = 4 m and the maximum velocity
Vmax = 2. For simplicity, the traffic interruption probability
Pn+1 18 assumed to be a constant, i.e. p,+1 = po. After dis-
cretizing Eq. (2), we deduce the difference form as follows:

Ax, (1 +27)
= Axp(t +7) + [V (A1 (2)) = V(Axn (1))]
+ 21 V' (Axn) po [—Ax (1 + 7) + Ay (1)]
+ V' (Ax,) (1 = po)
X [ (147) — Ay () — Ay (14 7) + A, (1) (@)
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3. Anticipation of traffic interruption probabil-
ity for linear stability condition

In this section, the linear stability analysis will be carried
out with V(b) at the uniform headway b to obtain the steady
state solution as follows:

() =bn+V(b)t with b=L/N. (5)

Let y,(¢) be a small perturbation and suppose, x,(¢) =
x0(t) + y, (1), then, equation (6) will be deduced from Eq. (4)
as follows:

Ay, (t+21)

= Ayp(t+7) +TV'(D)[Ayni1(t) — Ayn(t)]
+ V' (B) pol—Aya(t + ) + Aya(t)]
+ V' (b)(1 - po)

X [Ayn+1 (t + T) —Aypi1 (t) - Ayn(t + T) + Ay, (t)]v (6)

where Ay, = Y1 1(2) —yu(t). Assum y,(r) = e#*"%) then we
will obtain

(¢~ D)e” (1 — po)V'(B) (™ ~ 1)

+A1poV’ (b)) — V' (b)(e* —1) =0. (7)

Let z = z1(ik) + z2(ik)? +---, then we will obtain the first-
order and second-order term of ik as follows:

V(b
T AV (b)po’

~VI(b)+24V'(b)(1 — po)zi — B+ MV (b)poltz} ®
2= 21+ MV (5)po) '

Thus, the uniform flow keeps stable when z; > 0. On the con-
trary, the uniform steady-state flow becomes unstable when
22 < 0. Therefore, the neutral stability condition is gained as

follows:

_ [3+M1V'(b)po]V'(b) ©)
[1+ 24V (b)po]* + 242V (D) (1 — po)[1 + A1 V' (b) po]

Spontaneously, the stable condition is obtained below:

[3+A1V'(b)po]V' (b)
[1+ A1V (b) po]? + 242V (b)(1 = po)[1+ A1 V' (b) po]
(10)

a>

Obviously, the stable condition is closely related to the
driver’s anticipation of the traffic interruption probability.
Solid curves in Fig. 1 represent the neutral stability lines in
the parameter space (b; a) under A; = 0 and 0.5, respectively,
where A, = 0.2. In Fig. 1(a), A; = 0 implies that the antici-
pation term of traffic interruption is not under consideration.
From Fig. 1(a), the stable region shrinks with the increase of

traffic interruption probability pg. However, the stable region
becomes larger with the traffic interruption probability pg in-
creasing according to Fig. 1(b). In view of Fig. 1, the anticipa-
tion term of traffic interruption is beneficial to the stability of
traffic flow, which means that our consideration is necessary

and reasonable.
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Fig. 1. Phase diagrams in the headway-sensitivity space for different traffic
interruption probabilities.

4. Anticipation of traffic interruption probabil-
ity for MKdV equation

In this section, to obtain the MKdV equation, nonlinear
analysis is executed by introducing slow variable X and 7" with
a small positive scaling parameter € as follows:

X=¢(n+bt), and T=¢€% 0<e<l,
Ax,(1) = he+€R(X,T).

1)
12)

Consequently, by expanding Eq. (4) to the fifth order of €, the
nonlinear partial differential equation is obtained as
2 / 3 2
€ [K]b -V (hc)]axR—F £ G18XR
+&*(K19rR+ G203 R — G30xR?)
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+ & {[3bT+ V' (h) pobt — H]dr xR

+G40¢R — G593R>} = 0. (13)

The coefficients G; and K; (i = 1,2,...,5) are displayed in
Table 1 and Table 2, respectively. Let b = —p2V'/G; and
7/t = 1 + &2, then we will be able to eliminate the second
order and third order term of €, and the resulting equation is
obtained as follows:
e*(OrR — W03 R + WrdxR?)

+ € (W303R + Wy4R+Wsd3R?) = 0. (14)

The coefficients W; (i = 1,2,...,5) are listed in Table 3. We

perform the following transformations

T'=WT, R= (15)

Therefore, we obtain the MKdV equation with a correction

term O(¢€) as follows:
R — 3R + OxR"> +eM[R'| = 0. (16)

Here,
1 Wi W:
MR =/ — |W303R + —202R + Wyo4R'|.  (17)
W W,

By ignoring the O(€), the kink—antikink soliton solution is de-
rived for the MKdV equation as given below

R)(X,T") = \/ctanh\/c/2(X —cT").

In order to obtain the propagation velocity ¢, the following

(18)

equation should be satisfied:

Therefore, according to the method in Ref. [20], the propaga-
tion velocity c is described below:
Cc = 5W2W3/(2W2W5 — 3W1 W4). (20)

Subsequently, the headway for the MKdV equation is elabo-

rated below:

Wic 1_1

c(t
Ax,(t) = h, — tanh/ = — —1
n () ct W, (Tc > an 2<Tc )
) T
X{]+{1CW1<1>}I}. 21
Tc
Correspondingly, the amplitude is taken as
%%
A:,/”(Tq). (22)
Wy \ 7.

Based on the above results, we can draw the coexisting curves
in the (p, a) plane by Ax,, = h. = A (see the dashed lines in
Fig. 1). Then, the phase space is divided into three regions,
which are called the stable region, the metastable region, and
the unstable region, respectively. Clearly, the neutral and the
coexisting curves ascend with the increase of the traffic inter-
ruption probability pg in the case without the anticipation term
of traffic interruption in Fig. 1(a). But the neutral and the coex-
isting curves decrease with the traffic interruption probability
Po increasing by considering the anticipation term of traffic in-
terruption in Fig. 1(b). The result shows that the anticipation

40
/ Y / / / / . . . .
(Ro, M[R']) = [ - dXRo(X, T)M[Ry(X, T")]. (19 term of traffic interruption can improve traffic stability.
Table 1. Coefficients G; of the model.
G Gy Gs3
3°t  MV'(h)pob’t  V'(he) b 0302 4 2 V' (he) pob® > — V' (he) — H(3b + 3b%1) V" (he)
2 2 2 2 6
G4 GS
5b403 MV (h)pob*td  V'(he) Pk 6b>T +4b312 V" (he)
8 24 24 2 24 12
Table 2. Coefficients K; of the model.
K K, K3 K4 Ks

L+ 4V (he)po AV (he) (1= po)

3 +11V/(hc)p()

7+Z.1V/(hc)p() 15+11V,(/’Lc)p0

Table 3. Coefficients W; of the model.

wi Wa W3 W, Ws
V/(he)
/ — Ks (K| +2K>)3
7;/1((2,110() (Ku (K +2K>)? 24K,2K_§’{ s(Ki+262)
3 " ) n N
12 , _V (hc) _K1+2K2V/(hc) 7K]K§7K2K3[4K3 \% (/’lc)
—K1K5 — K> [3K3 6 2K? 12K,
; ; ! +6(1+2K>)K3

+3(K1 +2K)K3]}

+ 4(K; +2K2)?]}
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5. Numerical simulation

Numerical simulation is executed with a periodic bound-
ary condition, where N = 200 and a = 1.96. The initial distur-
bance is adopted as follows:

Ax, (0) =Ax,(1) =4, n#N/2, n=N/2+1,
Ay (0) = Avy(1) =443, n £N/2,
Ax,(0) =Ax,(1)=4—-6,n=N/2+1.

(23)

Firstly, we observe the headway evolution after 10* s and
the profile at the r = 10300 s in the case without the anticipa-
tion term of traffic interruption (A; = 0) in Figs. 2 and 3, where
60 =0.1and A, =0.2. From Fig. 2, it can be seen that the stop-
and-go traffic occurs and becomes worse with the increase of
the traffic interruption probability pg. From Fig. 3 it follows
that the amplitude of headway becomes bigger and bigger with
po increasing. As a conclusion, the traffic interruption prob-

(c) po=0.2 \]
> D w N ’ .
g
< 4
(9}
T 3
200
1.03

Car number

1.02
/104

50
1.01

1.00

ability will destroy traffic stability when the anticipation term
of traffic interruption is not considered.

Subsequently, figures 4 and 5 indicate the headway evo-
lutions after 10* s and the profile at the r = 10300 s with
consideration of the anticipation term of traffic interruption
(A1 = 0.5). Obviously, the oscillating amplitude of the head-
way becomes smaller and smaller with the increase of the traf-
fic interruption probability py by considering the anticipation
term of traffic interruption from Figs. 4(a)-4(c). Finally, the
disturbance vanishes by increasing po to an appropriate value
in Fig. 4(d). More clearly, according to Fig. 5, the change
amplitude of headway is dwindling gradually with pg increas-
ing. The result signifies that the anticipation term of traffic in-
terruption contributes to traffic stability as traffic interruption
probability happens, which implies that the anticipation term
of traffic interruption should be considered in car-following

models.
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Fig. 2. Headway evolution after 10* steps.
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Fig. 3. Profiles of headway at time step 10300.
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Fig. 4. Headway evolution after 10* steps.
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Fig. 5. Profile of headway at time step 10300.

6. Conclusions

As the modern traffic environment becomes more and
more complex, traffic interruptions frequently occur. There-
fore, it is worth studying the problem of traffic interruption.
Therefore, a new car-following model in this paper is proposed
with consideration of the anticipation term of traffic interrup-
tion. The criterion of stability is closely related to the anticipa-
tion of traffic interruption. Numerical simulation demonstrates
that the anticipation term of traffic interruption has an impor-
tant effect on traffic stability. Traffic interruption is a com-
plex event in traffic flow. In this paper, we introduce a simple
form as the anticipation term of traffic interruption probability.
Therefore, it is worth investigating to calibrate the parameters

by analyzing the traffic interruption events in the future.
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